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TITLZ OF PROJECT AND OBJECIIVES
Comparative biochemicnl.study of the intermediary carbohydrats metabolism

of Clostridium perfringens (BPEK), a strict snasrcbe, spd Becillus subtilis

(tarburg), & strict serobe; slucidation of the mecnanisms of fermentation and
respiration in both organisms; characterization of the efre.ct of nutrition on
both types of metabelio mechanisms.

INTROLUCTION

Two progress reports have bsen submitted to dates Report Ioe 1, covering
the pericd 1 March « 1 June 1952;~ and Report Noe. 2, covering the period 1 june -
1 September ‘1952. This report will cover ths work completed during the oontract
yoar, 1 Merch 1952 «~ 28 February 1953.

PERSCNNEL

In addition to the prinoipal investigator (R. C. Bard), a full-iime research
assistant has besn employsd. From 1 February - 15 August 1952, the assistant's
positicn was held by J. K. kartin, B.S,, MS., and from 1 September 19%2 to date,
the position has heen held by M. L. ksllin, B.S., M«sSe Pursuing related proplem
have been twoc graduate students, one wﬁrking with C. perfringens (K. Shankar,
Bu8., AM.) 2nd one with B. subtilis (R. B. Klausmeier, A.B.).

The initiel radiocleotope dete.deseribaod in this roport wore obtainad by tho
principal ‘nvestigetor while conducting research as a Research Colleborator in
the laboratory of Dre. Martin Gidbs, iiology Department, Brookhavem Iational
laborstory, Upton, New York, from 16 Juse to 1 September 1952, In addition,
active ocllaboration has been mairtained with Dr., Gibbs who, in association with
Dr. Lynn Paege of his laboratoery, has continued study cf the problen employing
variously lsbeled glucme-cu&.

A comment concerning perscunol is sppended here. The two research essistants

orployed in this project have been, in the career senss, 2tuderts. For example,
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krs Lartin left in tho middle of August to return to his native cownuary (New
Zoaland) to continue his studiss with Dr. BEdson at the University of Otago.

Ths treining receivad bty ¥r. Mertin while an essistunt in this prejest wil
qualify him furlb~r for independent roseorche ir. imllin hes convorted, since

1 Fobruary 1953, 4o 2 port-tirs graducte student basis, still funotioning
hewover as a full~time nssistant by working owsrtime. Support dwring ths summer
mopths has beon axtondad to ir. Shanker, one of tho grodusta studonts mentioned
above, It is epparent, thorefore, that cptimma use has been mado of employmont
funds since tho training of throo advanced studonts has boen ezpanded, a usage of
funds 1x-1 consonance with tho policy of the Qtfica of Naval Rescarch to sponsor
besio rescarch. Ths principal investigavor, hmver; hag recaived no finencial
support from this contract, othor than travel funds for ottonding meetings.

RESULTS

Tho rosults obtoinod aro presentod bolow following a desoription of the
satorials and methods omployed. Tho rosulis, mavsover, are prasontod uader %nrco
hocdings for roascns which will bcoome cpparcnt, and each saction is prafaced by
a triof historical rosume introduoing the phase of invaestigation toing rcported.

82ation 1, Imtorisls and Methods

Organisms. Clostridium perfrincons, strain EPOK, and Bacillus subtilis,
orourg, strain di.

Mediae

doart Infusion Broth (dIB)s 1% tryptous, 1% ysast oxiract, O.9% B EPO) ,

50% hoart infusion, 50% water, dosicoatod heart pertisles, 1% glucosc (storilized
by filtrction end addud asoptically to tho grevicuz mimturs which had boen heated
at 12C C for 20 minutos). This modium is suitable for maintonance of

Ceo porfringens in gtock (stable for cbout 2 months et L C) and for properation
ef tho inooculum.
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Modium A+ same as EIB loss heart infusion and heart particles. This
medium was used to cultivato colls for metabolic studies with Lo perfringons
(not usod in maugnesium-deficioncy study).

Evuns! fggl_zp_zﬂ Msdiums the method of Webb (1948) was used to prepare
this medium in the magnesiuri-deficient state.

Complex (C) and Simple (S) medias these media are described by Gary
and Bard (1952s).

‘Pempsraturess incubstlon of cultures and manomstric studiss were ccaducted

at .‘57 Ce

Chemical Methodse To determine glucose, acetylmethylcarbinel, butanediol

and ethanol, the methods of Neish {1050) were employsd. Volatile aoids were
separated and measured by the celite metnhod of Bueding and Yale (1951)e Lactic
acid was measured according to Barkor and Summerson (19L1), pyruvic ecid according
to Friedemarn and Heugen (1943) and manometric gas exchanges according to Umbreit
et al. (1949)s Carbon monoxide preperstion end use sre described by Gary and
Bard (1952a)e

Section 2. Glucese fermentation and respiration by C. perfringens.
Glucose fermentation by this orgarism has beer studied most recertly by
Pappenhisimer crd Shaskan {19L);) and Bard (1943; Bard and Guusalus, 1950),

although the metabolie pathway remains ¢

[~

be deseribed. Glucose respiration
has been studied by Bard (1949, 1952), the gensral results being: Qoe_. 100-180;
QGOQ’ 150-200; RY, 1.6~2.0; per mole of glucose, O.7-1l.1 moles Op consumed,
loli=148 moles CO, formed.

From trese exporiences, it wns known that the nistory of the iroculum and
the nature of the oculture medium ploy significent roles in the formentative and
respiretory patterns of the cells obtuined. Respiratory belances were not

available and other deta (irhibitors, radicisotopes, wtuce) were either lacking
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or of a random nature. 4ccordingly, a rather systematic investigation was
launched, using resting cell suspensions toc determine the pathways of glucose
farmentation and réspiration-

Inoculmms 4s a result of studies summerizsd below, involving the use of
inoculs from several sources cud of various ages, the following inoculrition
procedurs waos adopted: daily passage through RIB, using 1% i&gculmn from ¢
provioue 12 hours old HIB culturs, 21l HIB cultures being iuncubated far 12 hours;
to obtain c21lls for metcbolic atudy; Kedium A was incculeted with a 1% incculuvmw
from o 12 howrs old KIB culture, the Medium A culture being harvested after 5-5
hours incubotione Thls procedure assures resting ocells with high fermepietive and
respiratory octivities.

The conditions requircd for high respiratory cetivity are (1) daily transfer
of HIE cultures, incubating for 1Z hours et 37 C; (2) the HIB cultures must be
usod izmediately as the inoculum since an intermsdiate period of storage, even nt
Ly ¢, ylelds iedium A cultures of varying activity; {(3) repeated pro-passage through
Hodiwn A befors inoculation into edium A glives the same offacte It aprecrs that
the hoort infusion nnd,/or heart particles in HIB contoin a factor (s) nicessary
for vigerous respiratory activity.

Formentntiva activity is much less sensitive to inoculaticn varlations
although uso of a vory old EIB culture (12-15 days storage at L C after 12 hours
inoubation at 37 C) as inoculum ylelds Medium A sultwas whose celle are incapable
of goseous formenteticn in witro; 2 homelactis fermontation mey have ocewrrad
undor thesc conditions clthough this possibility vans not testods Such colls oz
also inocapable of respiration.

Effeot of Elucoael Growtn nccurs in Xodium A evon in the absonce of added

glucosee Colls harvested from such medium lacking glucose possess practically
no respirstory activity although fermontotive cepacity remnins unimpeired. Thase
regults acy bo interpreted as indioating that eithor the aecbic system is

Iadantive® {requirss glucese)} or that the serobic giuvovso dissimilatory emochonism,
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probebly with referenco to R-transport, is different frox the annerobic mecheniamm.

Bffoot of uxygsns Veristion of the atmosphore over Msdium A oulturcs,
eontaining glucose, doss not affect eithor the fermantotive or the roaspirastory
motabolism of resting cells; 100i. oxygen does not inhibit growth in Hodium A.
Theee rosults indicatc that e suitably low oxidation-reducticn potomtial is

achioved by the combinntion of modium, inoculum, and lnocenlation procedure used

so that growth is not inhibitod even in an atmosphore of pure oxygons Also, it

may be oconciunded the

ok

supplied: ses above), requiring no oxygon for its claborstion during growthe

Age of cellsy Formentative and respiratory reotes decroase with incroasing
age of ocolls, tastod over tho age rongd of ‘5-15 hours. - 014 c¢slls! (15 hours)
respiration is stimleted by washing the cells with scline althsugh ovon groater
gtimletion is obtained 4P a boiled ooll oxtroct is nddede. Thoso resulis suggest
that (1) ‘washing romovss on inhibitor{s) from old cells (acids?] and (2) washing
romovee o thorroestobla diifusible fsetor (coenzymo frogmomt?) which is prescab in
esilafras extracis.

S'hnbility of cell suspensions: Allowing colls ‘406 stond for 2 Wours ot room

“teupercture doss rot appoor %o roducs rospirction, and somstimes rospiration is
stimulctod {woshing effact?s soc abowe ). Bven budbling nir for 2 hours through
tho colls suipon;lon causos only ‘o modorcte doereaso (30%) in respiratory roto
é1thoigh the oxtent of exidotion remins unimpairod.

Optimum pH for respiration: Ovor a pH range of 5.4 to 840, with 0.0LL M

potuse i }:huphaﬁe tuffor, the ontimum pE for respiration is 6.5, This pH
and phosphats lovol wos smployed throughout all studies of formeniation and

respiration.
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Optimum dry weight of ceilst The dry weight of cells used in manometric

studies of fermentetion and respirstica was 3-5 mg. At this cell weight level,
the resviratory rate is maximm, A&mourts of cells less than 3 mr and more than

Y mg respire at slower rates but probably for different ressonse Use of few cells
sirply does not afford optinum enzyme level for ths amount of glucoss used (10 pi).
Use o0 excessive cell masses results in hydrogen evolution, a situation whis' may
be tem'sd "sexi-fernentation." Evidence for this phenomenon is afforded by the
cbgservation thet with exocessive cell nmasses O, uptake occurs rapidly for the
first 5~15 minutes after which Oy uptake ceases or actual gas production ensues
for about 5+15 minutes after which O2 upteke ceases or actual gas production
ensues for ebout 5-15 minutes, the gas probably being H2 since any CO» formed is
absorbed by the strong alkall present in the flask. Accordingly, less 02 is
vequired to oxidize the hydrogen earrisd by the H-transport system and, moreover,
q'f-*‘t"ﬁ:mtion obteins which forbids aceurate calculation of the Woe sttempts to
eliminets the Ho- buret by addition.of palledium - ssbestos railed since the
Pesetion between Hy and pallidium is too slow to provent I, evolution. Even if
these aliterpts wers successful, hmver, an artifact would be introduced since in
sddition te having‘i)z evailabls as the He=acceptor, pmlladium would also acospt H,

‘& situstion lemdinz o no emalieratien of tha caleulation prodbleme Lenca, it

[ 3

wms dealdel best simmly to avold the Ea-’omt 33 e#ploying a cell mass which
cppears not to engage in "unl-rarmntatiom’*:

e daat

Dissimilatory balancess Using 5 hours old oells grown in ledium A with e 1%

inveulwm of 12 hours old HIB cells = ths routine inoculction and cultivition
proosdures emrloyed ==~ balances such as follow were ohtninad; ‘hosge are ropressnt-

ative of cthers periormad,
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Per mole of- Axgerobic

giucogse dissimilated (fermentation) (rg%;%%%ion)
i (Q = 150) | 1.75 e
O (3 = 130) - 0e7E.
cop (2= 60; Q% = 1%:) .97 183
i O7L, 08 1.16 0e78
G5 CO0E 0.60 1,03
cd; (CB, ), CO0R 0,12 Oelly
cggcsoacm 0.06 0,12
C-ecovery 1034 105%
o/r 0452 1,08
Gbse COp/Caloe €O, 0699 0488

The outstanding differances betwesn these bclcnves are, of course, the
utilization of Op at tho exponse of Hp and the lower level of ethanol during
respiration with an inoreass in acstic acid: Under tho conditions d.esoribéd,
alight quantitative .oriations ware noted but these do not merit special comment.
To bo noted is that the aleohol is othanol; no dbutanol wns found.

Covasionaliy, small amounts of nyruvic acid were detectsd during both

A

fsraucntotion and rospiration. 4coummlation of pyruwls aoid reachss .significen‘:
propartions (0.5-0.8 mole per mole of slucose dissimilated); howover, when older
calle (U; hours old) are oerplovaed for the resting veoll asuspension in respiration
studies. Soma (about 0.2 moie) pyruvic acid is found evon during fermentstion
under thosc ecoditionse It would a2pear {rom thase chgaervations that pyruvic acid
is oither oan intermsdiate of glucoso dissimiletion or a produot of such an
i:tamdlﬁtc. On coonwion, & gubatonoe yielding a 2,4~diritrophionylhydrazone of
nethylglyoxnl was detsoted (loss than O.1 mole), raieing the possibiiity that

methylglyoxal zay also bs an intermodiate or derived therefrom.
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Inhibitorss A rathor systematic study of the effect of those inhibitors
roportec as effective in glucoss dissimilatory mechanisms of other organisms was
made. The inkihitor was mixed with the cells and phosphate (0.Cldy M) buffor
prior to “ho addition of glucoss; the time inhibitor erd celle were in contaoct
boforo substrcte was added was 30~35 minutcese

Concantrations of sodium ozido of 0,01 M or highor are roquirod to inhibit

markodly tho rctos and oxtonts of formontation cnd rospiration. Growth is not

inhibitcd by 0.0 ¥ aride, roquiring 0.1 M for inhibition. 2,4~Dinitroohenol,

at concontrations of 0.01 M or higher, inhibits markedly tho rcotos and oxtents

of formontation end rsspirstion; formentcotive hydrogon nrodustion, howovor, is
moro sonsitiva, boing affoctud at concontrations lowor than those roquired to
exort a similar offact on tha rommiring rosstions. Thosc dnta suggost that the
inhibitions obsorvod may be rolatod to phosnhorylation mochaniems oporative during
formontotica znd rospiration. The high lovols of these inhibitors raquired,
howsvor, mumc auch intorpretation spssulstivee To Le noted horo is tho fact that
addition of inorgnnic orghophosphato during formontetion and rospiration
stimlctes the ratss of thoso roactions (scc bslew), suggosting porticipation of
irsrgonie pnosphoto in gluscceso dissimilation which probably lacds to thg formation
of orgenic and high onorgy phosphzto compoundse. Until spscific dota aro obtained,
howsvor, thie issuc romains uncleare

"ha motal cholating agont, Of ok '=dipyridyl, &t levols of 0,001 - 0.003 K,
totaliy 1nhibits boh formontetion end respiration. This findiug has boon
roported provicusly (Bard and Gunaclus, 1950) with iron-deficiont C. porfringons.
Tho site of inhibdition mey =afcly be assumod to be the motallo-nldolass found
in this orgunlsm.

Iodoasotate, ot tho lovel of 0.,0005 M, complotoly inhibits both fsrmontation
and respiration, indicating mmrely participotion of a sulfhydryl type enzymo.
Sinoco glyoeraldohyds phosphato dohydrogenage hes been demonstratod in irom-
4sgipdony Cs porfringons (Bard, 199), & sulfhyd:yl type sniymo, it is prebobly



9
that this oxidatiw onzymo participetes ir fermentation cnd rospiration. It is

also pogsible that the cldolose of this orgarism ig irhibited by icdcacotato sinee
& roducing agent is requirod for optimum activity of this ongyme (Bard and Guasalus,
1350).

Potossium cyanido, at lovels of 04001 M or less, doos not affeet formontation.

Rospirution, howover, is inhibitod by 04001 M oyenide although only the rate of

rospiration is aficcted anmd not the final oxtonte. Carbon momoxida (95% CO/5% 0p)

doos not affsct respirations Formontation, hewovar, is affoctod by earbon monoxide
(955 c0/5% X,), gas production boing inhibitod and the fermenmtatiorn voing shiftad
to a homolactic typce Staphonson (1949) eitos the work of Bacon which is in
agroomont with tho CO inhibltion of gasoous forrontation by this orgonisme In
the exporimonts bcing roported horo, visiblo light doss not rovorso tho CO
inhibition at 37 Ce Tho data with cyanido and €O, with roferonco to respiration,
poreit the oonelusion that the mochanism of respiration is probably not heme-liko
in naturcs The CO inhibition of gascous formontetion, however, is not as onsily
cxpiaipﬁd; It is possiblo that a home typ- enzyme is involved in pyruvate dis-
zim$lation {it is assumod that pyruvato is en intermsdiate of fermontotion),
porhaps tho hydrogenase catalysiug the formation of gasoous hydrogon frca atomioe

hydrogens

Tha resultes with sodium fluoride arc numerous, variod and somewhat unaxpocted.

Tho dpta; with reuarks. aro summarized in tnblo le A discussion of the offects of
this snhibitor is postponcd until aftor additionsl data are presented below. It
was found, calsec, using iron-deficiont colls propered acoording to Bard and
Gunsalus (1950), that tho homolactic formontetion obtained under thesc conditions
15 almost totally inhibited by 0,05 M sodium fluorids, ovsn in tho prosonce of
phosphate; phosphate also stirmlctos this homolactic fermontation.

Tho offoct of vorious lovols of arsonate on formentetion and rospirantion

was testod; the deta aro prosontod in t2ble 2,



Table 1

affect of sedium fluorids on glucosse fermentation and respiration

1«1;01'5. ‘ Fermentation aeﬁfiraticon R
190 | RaF ¢ Mg™* Glueoge | Hp fﬁe O Cls 2
i ' i 1 ; uptaio prod. | prods {uptekc (prod.| @
Holority ‘Por cont inhibition g
«’-——.—d
0.~ 0 0 0 ~0 [~100 ~ 0 ~'0 1
0,015 0 0 0 0 0 o] 0- 2
to or
Q.1352 Gl 001
‘ :
} O 0.005 0 o i 0 ~100 0 0 3
i to cr to to to to
i 0.05 0,001} ~ 100 5G-65 100 100
!
Lo he
0. QL4 0.01 0 - 0 0 0 0
to er
l‘ 0.05 0,001 i
¢ 4.

1 ‘_flxltho_ug-., oxtonts arc not affscted; retos aro decrorzsod significantlye.
Formomtativo COn: nono producod for about 2 hrs whon some 1s formed but
oxtont 1s low.

2: Normal values obtainod in all sases, apparcently 0,015 M inorgonic th
suffioing for opiimal ratos. O,0QLL M irorganic POh usod in all oxperiments
unloss othorwisc indicctod.

3s $ineo inorganic PO is ebsont, no formontniive €O, is formod (soa 1, cbova).
'.'i‘hon‘ NaF ig sddod to flasks withouk EGH in contor .mll, glucoso uptnko and
Hp formt:lon'h propirtionel to NoF lawsls Also, as NaF lovel is incrsasod,
n_‘.lz;oat twico «s much lactic aoid is formod paor mol2 of glucoso formontod.
aﬁpdmﬁreghonymyﬂ:;uom of mothylglyoxal idontifiod spostrophotomotrically
in whcss Dlacke. In fiaslks without KOH, traccs of pyruvic acid found but no
mothylglyoxals
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Table 2

Zffect of arsenste on glucose fsrmentetion and respiration¥

36, __Fermentaticn Regsration ”-

conds | E, : co o, C0,’

B NS S O D S AW N

0 { 176 20.2 105 13.9 118 1 b 95 L0 |

§

0;005 200 18,8 e [ i !45 i 900 25 5.0 é
] '

0.01 1% | 17.5 | 1, % 11.0 26 ! 9.0 | 20 5¢9 |
¢

0405 75 12.5 27 i 6.8 2 i 0.9 1 0.2 !

S L...._. g —— ! FESTOE) LFORTE e B e |

* In the presencs of the standard ooncentretion of inorganic phosphate
(0.0l k).

- It is clear from these data that arsenate inhibits strongly both fermentetion
and respiration. It appsars thet arsenate conpetes with phosphate for substrate
{intermedistes) lsading to arseno complexes which are subjeot %o arsenoiysis and
henoce leading to uncoupling of phosphorylatione These data sdd support to the
sugzestion (see above) that both anserobic and eercbio glucose dissimilation
involve esterifiocation of inorganic phosphate.

Arsenite, &% levels ranging from C.005 ~ 0,05 K, almost completely inhibits
giuocose fermont=tion but has practisally ro effeot on respiration. The signifi-
cance of these findings is not oclear. It cen be sugZested that the inhibition
of fermentation by arsenite indicctes tho pert.cipetion of pyruvate as a metebolic
intermediate. Howsver, the abssnoe of arsanite inhibition during respiration
doss not permit gensralization of this interpretation to cover a common glucose

dissimilatory pathway under botn anaerobis and aerobic conditions.
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l?y?uvato motabolisms Using 20 ki sodium pyruvate es substrate instead of

gluoose, & brief menometric stuly of pyruvate metabolism was made. it was found
that inorganic phosphate (0.0L} ., pH 6.5) stimmlates iae rates of Hy and €0,
evolution; about 1 mole sach of E, and COp are formed per mole of pyruvate rer=
mentede The rates of Ha and 002 svolution with pyruvate as substrate are ebout

4 - 1/3 those obtained with glucose &s substrate. Asddition of 0.f2 ~ 0,05 ¥
sodiwu fluaride to. this system comtoining inorganic phosphate hos little inhibitory
effect on pyruvate fermentation. However, additicn of fluoride in the abaence

of phosphate causes ebout 508 imiibition of pyruvute metabolism, an effeot
qualitatively similar to the finéing during glucess fermentstions The inhibited
pyruvate formemtation ls not directed toward a lactic type fermentation since thers

is no increase in lactic acid forration.

Other substrotess Neither ycung (5 hours old) mor old (1 hours old) oells e
grown in the presence of glucosa; ."espire .in the prese-—ce o marnitol, sorbitol,
gnlactose, gluconic coid; ‘.vgl;:euron;lnot@, glucuronio acid, ribose, xyloae or
arabinoss. Calls gromn in the presenc. of gluouronolaotons or glucuronic acid with

withouk glucose do not respire in the Jrasence of glucuronolactone or glucuronic
acide b5light respiratory zotivity wos noted with sucrose and laciose. liith
fructose and mnltose, respirction ccurs but only betmeen 1/5 to0.1/2 the rote

notod with glucose.

Poadioisotepe datas Using glucosc-l-cn# as sutsiratao, it wes iound that none

of the CO2 formed during fermentotion and respiration contains ¢, The methyl
oarbon of tke acctic acid from such rovition mixtures contains cllt, the oarboxyi
carbon boing unlabeled.

Using giucosc-3,4-Cl, only 565+ of the ¢l wns isolated in tho €Oy formed
during formentation and rospiratione Isdeation of the remaining label remains to
bo dotorrminode The spooific ra.loactivity of the glucoss-3, h-cl’* hos been
Wmmm yoast ¢nd the caloulatod aclivicy appeors to be correete
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Uaing zlucose=6-CYt, the €02 dorived therefrom during formentation ~omteine
no Cil,

Thoge incumplete data serve to sugzest thet thi:r orgeniswy posseszas 2
pgthwny of glucose dissimilction unliike thoss proviousiy describede The =otunl
ciifferonco noy prove to consist of a variation of a inown mschanisms

Discussions All the dota obtcined thus far do not support the conclusion
thot tho mochanism of glucose dissimilation present in C. perfriugons is
idorticel to o lkmown n‘wchanisn.;. Two main objootions to this oonclusion aro
prosontod: (1) fluoride insonsitivity; (2) the --adioisotopo dotae The fluoride
dato with glucoso may be intorprotod as paraliel!ag those with pyruvatoy honoo
focusing attontion upon pyruvato dissimila‘tion as *he site of fluorido inhibition
in tho Inﬁuonco of phosphato. If this 45 true, thon it must b2 conoludod that
cn onolaso-type ensymo 1s not prosont in this orgenlsm, a possiblo intorprotation
in viow of tho datn presontod above and tho findings of Stono cnd ’i?orkmfm (1937).
Horoover, tho poculair isctope d=ta nood interprovetion. At this »siuy, i5 ean
only bc oonocludod that a varlation ¢f ¢ known mechcnism may bo o'pox"ativc. vtil
ongymatio date cro eavallablo, a rocsoncble intorprotation is not apparont.

Soction 3. lictabolic aspoots of mo-nosium coficioncy in C. porfringens (K. Shenkn:

It has Scon roported (Shanker and Bord, 1552) thet Mg*¥¥ doficioney during
growth loads to olongetod coll formution. Such coils formont glucoso with thoe
8amo rot-s end oxtents of E, and 002 producticn as do Kg¥*=sufficiont colls.
Growth of Mg**-defioiont colls in th- prosanca of cdded Co** is oonsideradly
impodod and such colls aro thon incapnble of geseous formontation although still
ablo to forment glucose to lactio acdds BSuch data suggost that Co** interforos
with tho synthosis of tho onegyms systom raspcizidle for Hp and cua,fagrmtton;

tnothor method (Wobb, 19L8) has boon usod to obtain Mg*+-doficiont modium.
#ith modium vo troavod, coll morphology is evon morc merkodly affocteods Very long

eslluisr £ilamunts are obtaincd instoad of morely clongatod colise It was decided
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to study tho glucce» metabolism of thoe filemortuus colls rother than the eclongetaed

colls sincc Lic bBiochemical "losion” invoived may be expectod to bo mors extonsive
erxd moro roedily descernidbleo in the filamentous cells.

It wns fourd thot tho liobb wethod of proprring Kg**-doficim;t rodium works
-nly with Bvans poptono, = British uroduct, and not at all with the numorous
othor pcprtonn ond tryptono midic testode Attampts to clucidcote the basis for
vhis dif ~renec ylolded no spacific rolationship. Howover, usa cf Evans poptone
hcs boon made 4o obtain tho fil~montrus, lg**-dcficiont colls.

Tho ratc-of glucoso fermentotion of Mgt*t-dofioient, filarontous oolls is
cbeut 1/8 that found with Yg**-suficliont, normnl colls. Chomical analysis rovenls
that glucos: upteke by Mg**- daficiont oolls is markodly raducsd per unit timo,
supggosting o primary bfochoniccl wonknoss 'in such colls. Tho glucoso i; ir timo
totally forrentod alth'scugh th? timo roquircd is cbout tenfcld in longth that
found with ig**-sufficiont colls.

Soction L Cartohydrets motabolism of Becillus subtilis (R. E. Xlousmoior )

It has boon roported (Gury :nd Bard, 1953a, b) thot growth of E. subtilis
in inorpgonic nitrogon, glucoso, sclts irdiu (Sirple medium, yiolding S~calls)
rosults in colls virtually inccpable of glucoso formonteticn whoroas growth in
~s4onc, yoost axtroot, glucoss modium (Somplox modium, yiolding C-calls)
rosults in oolis ccpc;blo of vigorcus homrloctic forrontatisn of glucosoe. Moro-
ovor, an oaszymntic doficioncy cppeorsntly responsible for the lock of the
formontativo orpaoity in S~-colls wns found to bz linkad to tho abscnoc of
glyooraldohyde phonphato dohydrogonaego in such o2lls.

Mhor study has rovealzd that addition of H-acceptours (acetylmtb*_'lsarbinol,
diacotyl, pyruvic acid, totrazolium salts » hydroxylamino) to S-cclls during
ancorsbio glucosns dissimilation 'cads to a vigorous formentetion of tho glucoso.
Using nootylmothylearbiiiol ss H-acocotcr ond exemining the rols of this compound

durizg rormontation rovialas thet tho d=cocortor %4s roducod to butancdiol
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(honoo proving thnt 4t is ceting as o H-acceptcer) whils the glucosc is

dissimilated to lactic acid, acctylmethyloarbinol and CUye

Plens for Future

(1) Initiatc onzymatic studics of tho mochanism of glucoso formontation in
E. orfringons, both of kgtt-doficiout cnd -gufficiont cells, ound in Ee subtilis.

(2) Continuo colleborction with Dre kertin 8ibbs on radioisstopa studios.
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